The results of observations of the 38-second pulsar obtained at high X-ray energies (13-180 keV) with the UCSD/MIT instrument aboard T/isAO 1 are reported. The results include a measurement of the source location, measurement of the pulse profile, and determination of the average intensity and spectrum during each of three time intervals spanning a baseline of 1 year. The total intensity of the pulsar is seen to vary on a 6-month time scale. The spectrum is hard but, like other X-ray pulsars, steepens at energies above 20 keV.
I. introduction White and Pravdo (1979) discovered X-ray pulsations with a 38-second period in data obtained from an observation of the region around the spectroscopic binary V861 Sco. Although Polidan et al. (1978) (see also Polidan et al. 1979) had tentatively identified V861 Sco as the source of X-ray emission from this region, White and Pravdo, and Armstrong et al. (1980) reported that the celestial position of the source of the pulsations was not consistent with the position of V861 Sco. We report results of observations of this pulsar obtained with the UCSD/MIT High Energy X-Ray/Low Energy GammaRay Instrument (A4) on HEAO1. Our results include a determination of the source location, measurement of the pulse profile at high X-ray energies, and determination of the average source intensity and spectrum during each of three time intervals spanning a total basehne of 1 year.
II. observations
Our observations were made with the slat-collimated detectors (i.e., detectors LED1 and LED2) of the A4 instrument (see Matteson 1978) . Each of these two detectors has a geometric area of ~ 100 cm 2 and is sensitive to X-rays with energies in the range 13-180 keV. The fields of view are 1?4X20° FWHM and are inclined at +60° (LED!) and -60° (LED2) with respect to the satellite's equatorial plane.
The region containing the 38-second pulsar was observed four times. Three of these observations were 1 This work was partially supported by NASA contracts NAS8-27974 and NAS8-27975.
conducted with the satellite in its normal spinning mode in which the fields of view scan over a source once every 33 minutes (except when it was occulted by the earth). In the fourth observation, conducted between 0 h and 8 h (UT) on 1978 September 4, the detectors were pointed directly at V861 Sco for ~7 hours. Data obtained from the A-2 experiment during this pointed observation led to the discovery of the 38.22-second pulsations (White and Pravdo 1979) .
III. CELESTIAL LOCATION
The relative intensity of the pulsations in the two detectors during the pointed observation excluded V861 Sco as the source. We obtained an accurate position for the pulsar by using data from the three observations conducted with the satellite in its spinning mode. Since the pulsar is located within a crowded region of the galactic plane, it was necessary to select data for the position determination such that source confusion would not be a problem. We therefore used a multiple-source fitting procedure (see Levine et al. 1981) to estimate the intensities of sources in the region, averaged over the ~20 days duration of each observation. The derived intensities for a source at the predicted location of the 38-second pulsar (i.e., a( 1950) = 254? 1, ô=-41?7) are given in Table 1 . The results of this analysis also indicated that, for the purpose of position determination, the 1978 March 40-80 keV data were the only data in which source confusion was not a problem.
Although we have not attempted to directly search for pulsations in the scanning data (during each rotation of the spacecraft the source is only in the field of view for ~10 seconds), we believe that the source seen in the scanning data is the 38-second pulsar for the following reasons. The position derived from scanning data is consistent with the relative intensity of the pulsations in the two detectors during the pointed observation and with the error boxes derived by White and Pravdo (1979) and Armstrong et al. (1980) . Furthermore, both the source observed in the scanning data and the pulsations detected in the pointed observation are relatively strong in the 40-80 keV band. If we assume a pulsed fraction of 50% for the 40-80 keV band, then the source detected in scanning and the pulsing source detected in the pointed observation were each among the ~15 brightest sources in the 40-80 keV band within 30° of the galactic center (Levine ei al. 1981) . We assume that the source detected in the scanning data is the 38-second pulsar and derive its position from an azimuthal superposition of the 1978 March 40-80 keV data. Table 2 contains the coordinates of the comers of an error box containing the 90% confidence contour (x 2 min+4.6; Avni 1976). A preliminary version of this position (Byme et al. 1979 ) was used by Armstrong et al. (1980) to limit the area of sky in a search for an optical counterpart of the pulsar. Considering the revised HEAO 1 A4 error box, presented here, it is likely that the pulsar lies within either diamond No. 2 or No. 3 of Armstrong et al.
IV. PULSE PROFILES
In the determination of pulse profiles using data from the pointed observation, the data from LED1 were excluded because the average collimator transmission was low. The pulse period was measured by folding two sets of data from LED2, one from the beginning and one from the end of the pointed observation, with periods in the range 38.21 to 38.23 seconds. A null in the phase shift between the two data sets was obtained at a period of 38.216 ±0.005 seconds, consistent with the value of 38.218 ±0.004 seconds determined by White and Pravdo. The data were binned into four broad energy channels, 13-25 keV, 25-40 keV, 40-80 keV, and 80-180 keV, and folded using this period. Figure 1 shows the resultant pulse profiles. The incident photon fluxes inferred from the phase-averaged count rates of the pulsed component are given in Table 1 . The unpulsed component of the count rate due to the 38-second Armstrong, J. T., Johnston, M. D., Bradt, H. V., Cowley, A. P., Doxsey, R. E., Griffiths, R. E., Hesser, J. E., and Schwartz, D. A. 1980, Ap. J. {Letters), 236, L131. Avni, Y. 1976, Ap. J., 210, 642. Becker, R. H., Boldt, E. A., Holt, S. S., Pravdo, S. H., Rothschild, pulsar could not be reliably estimated because other X-ray sources, namely, 4U 1702 -42 and 4U 1735 -44 (cf. Bradt, Doxsey, and Jemigan 1979 , were also in the field of view of LED2 during the pointed observation.
In order to investigate whether the pulse shape changes with energy within our energy range, we tested the consistency of the hypothesis of a constant pulse shape. The pulse profiles for the 13-25 keV, 25-40 keV, and 40-80 keV bands were therefore fit with a constant plus a constant times a "template" profile, which was the sum of the 13-80 keV data. The 13-25 keV and 25-40 keV band profiles were found to be consistent with the template profile, but the 40-80 keV profile was poorly fit, x 2= 23 for 14 degrees of freedom [^(x 2^2 3) = 0.05]. This is insufficient to conclude that the pulse shape is different at high X-ray energies. Thus our data are consistent with a constant pulse shape in the energy range 13-80 keV.
V. SPECTRUM
The inferred photon spectrum from the scanning observation in which the source was most clearly detected (1978 March) and the inferred spectrum of the pulsed component from the pointed observation were fit with power-law photon number spectra of the form dN/dE-C(E/E 0 )~a and with exponential spectra of the form dN/dE-C/E e~E /kT . The results are given in Table 1 . The derived power-law spectral indices are larger than that reported by White and Pravdo, who inferred a spectral index a ~ 1.4 for the phase-averaged total spectrum in the energy range 3-60 keV. Although we cannot positively rule out the possibility that the fluxes for energies below 40 keV derived from the scanning observations are substantially inflated because of source confusion, this possibility is ruled out for the pulsed flux because of the detection of the 38-second modulation. Since White and Pravdo found that the pulsed fraction of the flux increased with energy, and since the present observation of the pulsed flux was coincident with theirs, we conclude that the pulsed component of the spectrum must become steeper at high energies. A source spectrum during the pointed observation having a high energy cutoff at £~50 keV would be consistent with the results of White and Pravdo and the present result. It is therefore likely that the spectrum of the 38-second pulsar resembles that of other pulsars, in that it is relatively hard at low energies and has a high energy cutoff somewhere in the 20-80 keV range (cf. Becker et al 1977; Pravdo et al 1979; and Rose et al 1979 
